The Agro-Pastoral Transitional Zone in Northern China (hereafter APTZNC) is situated in an arid/semi-arid area, and is one of the most vulnerable areas in the world subject to climate change. Annual integrated the NASA Global Inventory Modeling and Mapping Studies (hereafter GIMMS) Normalized Difference Vegetation Index (hereafter ΣNDVI) and annual rainfall were used in this study. Meanwhile, the dynamics of ΣNDVI and rain-use efficiency (hereafter RUE) were predicted during the period, through the use of the Mann-Kendall nonparametric test and linear regression temporal trend analysis. The tendency of desertification under different precipitation scenarios was also analyzed. The results showed that annual ΣNDVI and rainfall were not significantly correlated in most sections of the study area, yet opposite results were observed for a smaller percentage of the study area (p<0.01). Changes in vegetation productivity may increase, whereas a significant decrease in a small pixel proportion was observed. The northeast and central sections of the study area are characterized by positive trends in RUE slope values, contrary to what was observed in the southwestern sections of the study area. The results fit well with the findings through ΣNDVI and RUE. Rainfall in the range of 200-500 mm can be seen as a threshold value as the desertification trend decreases and vegetation restoration capacity is enhanced with increasing rainfall.
INTRODUCTION
The United Nations Convention to Combat Desertification (UNCCD) is the sole legally binding international agreement linking environment and development to sustainable land management. UNCCD stated that "Desertification is caused by complex interactions among physical, biological, political, social, cultural, and economic factors" and "Land degradation is the loss of environmental services or the reduction of the biological and/or economic productivity" (www.unccd.int) .
Vegetation productivity and rainfall are two driving factors related to land desertification and degradation. Predicted effects of climate change could not only change the precipitation pattern, but could potentially increase or decrease the rainfall, which would directly affect vegetation productivity. On the other hand, other abiotic factors (i.e., soil nutrients, temperature, growing days, and CO2) strongly affect vegetation productivity [1] . However, the debate regarding the potential impacts of climate change and human activities to land desertification and degradation still exist [2] [3] [4] .
Rain-use efficiency (RUE) was demonstrated as the ratio of aboveground net primary productivity (ANPP) to rainfall [5] .
Spatial-temporal changes in RUE have been widely used in the assessment of land desertification and degradation [6, [9] [10] [11] [12] .
Alternatively, the annually integrated normalized difference vegetation index (ΣNDVI) was used for the net primary production (NPP) [6] [7] [8] [9] . Hellden et al. and Fensholt et al. analyzed the temporal dynamics in NPP using the AVHRR GIMMS NDVI dataset [4, 9] . [12] [13] [14] [15] [16] .
The goals of this work are to: (1) analyze the spatial-temporal relationships between annual integrated NDVI (ΣNDVI) and annual rainfall; (2) detect the inter-annual vegetation changes from 1982-2006; and (3) assess the effect of rainfall influence on the changes in land cover.
DATA AND METHODS

Study area
In this study, the APTZC refers to the ecological transition zone between agricultural areas and natural grassland. It is located between 101.1° E~125.6° E and 34.5° N~48.4° N, including the major sections of Inner Mongolia, and smaller sections of Heilongjiang Province, Jilin Province, Liaoning Province, Hebei Province, Shanxi Province, Shaanxi
Province, Gansu Province, Ningxia Province, and Qinghai Province. The APTZNC is at the edge of the continental monsoon climate where the transition zone from the semi-humid area to the semi-arid area has an average annual rainfall of 189~654 mm. The modes in agriculture production and animal husbandry are different. The main ecological problems in these regions are land desertification combined with grassland degradation and the loss of vast amounts of land nutrient resources [17] . Fig.1 . Location of study area, the APTZNC.
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NDVI products
The AVHRRGIMMS NDVI dataset was used in this study [4, 9, 18, 19] . The data source in this time series from 1982 to 2006 was collected from the Global Land Cover Facility (GLCF) data center [18] . The GIMMS NDVI was produced at a spatial resolution of 8 km × 8 km, and the temporal step was 15 days. A common maximum value composite (MVC) approach is performed to compile monthly NDVI datasets observed by the AVHRR instrument onboard the NOAA satellites (series 7, 9, 11, 14, 16, and 17), as to reduce the effects from clouds, noise, and artifacts due to satellite drift [16] .
This NDVI dataset has been corrected for calibration, sensor degradation, orbital drift, view geometry, cloud cover, volcanic aerosols, and other effects that are not related to changes in vegetation [18] .
In order to avoid the influence of negative values of water body, clouds, and other climatic factors, NDVI pixel values below zero were reassigned to zero and a Savitzky-Golay filtering method was applied to each annual ΣNDVI dataset [20] [21] [22] . A predefined compositing period for each pixel of the highest values observed is selected for the MVC product, 
Rainfall data
The annual rainfall data were collected from the National Meteorological Center of China. The data include observations at 95 meteorological stations during 1982-2006 in the APTZNC or its neighboring areas. For further analysis, the inverse distance weighted (IDW) interpolation method was used with ArcGIS software to produce the raster data with the same projection and spatial resolution of the NDVI datasets [23] . The spatial pattern of the average annual rainfall in the study region is shown in Fig. 3 .
Proc. of SPIE Vol. 8869 886913-3 
Methods
To understand the effects of rainfall on annual ΣNDVI, the relationship between annual ΣNDVI and rainfall were analyzed by the Pearson correlation method.
The significance of the annual ΣNDVI in time series trends was calculated by the non-parametric Mann-Kendall significance test (M-K). The M-K non-parametric test is a good indicator of time series trends, thus it is widely used as a trend analysis method [19, 24, 25] . One advantage is that samples are not required for compliance with certain distributions, long-term trends in the annual ΣNDVI and RUE dataset. Because of the weak relationship between ΣNDVI and annual rainfall, our results are only valid when both trends in ΣNDVI and the ΣNDVI-rainfall correlation are significant [9] .
RESULTS
The relationship between annual ΣNDVI-annual rainfall
Pearson correlation analysis of GIMMS NDVI against rainfall for the period 1982-2006 is based on annual ΣNDVI and rainfall covering the study area on a pixel-by-pixel basis. The correlation coefficient is shown in Figure 4 .
Areas in red represent strong and positive correlations (0.5051<r≤0.7605, p<0.01), as shown in Figure 4 . This reveals that rainfall is the leading factor resulting in the vegetation dynamics in these areas, which can be defined as a 'normal' land condition [12, 26] , generally found in the central and southern areas of the APTZNC. The positive correlation between ΣNDVI and rainfall implies that rainfall effects ΣNDVI. This situation accounts for 22.13% of the total area. However, only 5.49% of the total area is characterized by a significant positive relationship (0.5051<r≤0.7605, p<0.01) (Fig.4) .
Areas in blue show a significant negative correlation (p<0.01), where the rainfall may increase while the ΣNDVI decreases. These areas are characterized as the "worst" land conditions in the study area. In addition, ΣNDVI and rainfall were negatively correlated, which accounts for 22.13% of the total area. However, only 0.32% is characterized by a significantly negative relationship (-0.5952≤r<-0.5072, p<0.01) (Fig.4) .
There was no significant correlation between the annual ΣNDVI and rainfall at the 10% level (green areas in Fig.4 ).
However, annual ΣNDVI and rainfall are not significant for the remaining 74.80% of the total area. Thus the distribution of rainfall could not fully explain the patterns of vegetation growth. Only significant r-values at a 10% confidence level are included.
Trends in annual ΣNDVI
The M-K test map and linear regression temporal trend analysis slope are derived from a pixel-by-pixel basis for the APTZNC area ( A greater share of positive trends vs. negative trends was observed for land cover change, simultaneously. Whereas positive trends were distributed in the northeast and central sections of the APTZNC, the reverse was detected in smaller areas (p≤0.05) of the southwest and northeast sections (Fig. 5) . Even so, positive trends were also observed in the southwest and northeast sections of APTZNC (Fig. 5) . The vegetation greening trend may be due to reforestation from farmland. The red areas in Figure 4 represent a 'normal' condition signifying the 25-year change (a decreased trend), whereas the southwest (Huan, Dingbian and Yanchi Counties) and northeast (Balinzuo and Ongniud Banner) sections of the study area are primarily characterized by negative trends (Fig. 5) . In other words, the rainfall does not seem to be a determining factor for controlling vegetation dynamics. (only slopes based on trends significant at a 5% confidence level are included, right) over time (n=25 years) for pixels.
Trends in RUE
To further understand the changes in land cover, the Mann-Kendall nonparametric test and linear regression are used to analyze the trends from 1982 to 2006 (Fig. 6) . The significant trend in RUE is (p≤0.05) calculated by two methods ( 
DISCUSSION
Correlation between ΣNDVI and rainfall
Similar results about correlation between ΣNDVI and rainfall have been reported in the APTZNC [4, 19] . The correlation between ΣNDVI and rainfall in the APTZNC is strong in some areas and low in others. Figure 4 shows that the annual rainfall in the study area can account for 25.20% of the variance in the ΣNDVI and 22.13% of the variance in the ΣNDVI green-up. This reflects the limitation of using only rainfall as an indicator which may be due to the negative effect of human activities (i.e., grazing pressure, deforestation and reforestation, chemical fertilizer use) on data precision (i.e., NDVI and rainfall). By comparison, the linear correlation between rainfall and ΣNDVI/NDVI observed in other studies was mainly based on the meteorological data, not per-pixel data as collected in this study [27, 28] .
Comparison of annual ΣNDVI change trends with other ΣNDVI studies
Significant variations in the annual ΣNDVI are detected during 1982-2006, which are consistent with previous studies [3, 19, 29, 30] . Even though differences were shown for time period, scale, and accuracy, especially from different data sources, the greenness trend is in line with our results. This can be explained by the improved eco-restoration (i.e., soil and water management, prevention and control of pest diseases, "Three-Northern China" shelterbelt construction) [3, 31] .
Influence of rainfall on RUE trend
The detected RUE through the M-K nonparametric test is divided into three classes, i.e., significantly decreased, unchanged, and significantly increased. As shown in Figure 7 , the region with the annual rainfall of 200-300 mm is most prone to desertification, and decertified land area accounted for 2.49% of the region in this range. The decertified land area with annual rainfall of 300-400 mm and 400-500 mm accounted for 2.39% and 0.43% of the study area, respectively.
However, desertification is rarely detected below 200 mm or above 500 mm rainfall, possibly due to the fact that 200-500 mm is the range for normal rainfall distribution. On the other hand, reduced rainfall does not necessarily lead to desertification. A rainfall range of 200-500 mm could still be treated as a threshold value, where desertification is less likely to occur with an increase in rainfall. An annual rainfall range of 400-500 mm significantly enhanced the vegetation productivity, which accounts for approximately 66.63% of the total area. With an increase in rainfall, vegetation restoration capacity is also enhanced. 200-500 mm rainfall can be seen as a certain threshold value, desertification will be less likely to occur, and vegetation restoration capacity will be enhanced with increased rainfall.
